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SUMMARY 

The presence o f  t he  hexafluoroisopropylidene (6F) connect ing group i n  a r y l  
d ianhydr ides used t o  prepare aromatic po ly imides prov ides h igh  g lass t r a n s i t i o n  
temperature (Tg) po ly imides t h a t  e x h i b i t  e x c e l l e n t  thermo-oxidat ive s t a b i l i t y .  
The purpose o f  t h i s  study was t o  determine i f  a trifluorophenylethylidene 
(l-pheny1-2,2,2-trifluoroethane, 3F) connect ing group would have a s i m i l a r  
e f f e c t  as a 6F group on the  thermo-oxidat ive s t a b i l i t y  o f  aromat ic poly imides. 
A new d ianhydr ide conta in ing  the  3F connect ing group was synthesized. This new 
3F d ianhydr ide and a p rev ious l y  repor ted ( r e f s .  1 t o  3) aromatic diamine a l s o  
con ta in ing  the  3F connect ing group were used together  and i n  var ious combina- 
t i o n s  w i t h  known diamines o r  known dianhydr ides, respec t i ve l y ,  t o  prepare new 
condensation poly imides which contained the  3F group i n  one o r  bo th  o f  t he  
monomers compris ing the  polymer repeat u n i t .  Known poly imides, i n c l u d i n g  some 
w i t h  t h e  6F connect ing l inkage,  were a l s o  prepared f o r  comparison purposes. 
The new 3F con ta in ing  polymers and the analogous comparison 6F polymers were 
prepared by condensation polymer izat ion v i a  the  t r a d i t i o n a l  amic-acid po lymer i -  
za t i on  method i n  N,N-dimethylacetamide (DMAc) so lvent .  The amic-acid solu- 
t i ons ,  w i t h  t w o  exceptions, had inherent  v i s c o s i t i e s  g rea ter  than 0.45 d l /g ,  
i n d i c a t i n g  t h a t  h igh  molecular weight polymers had been formed. S t ruc ture- to -  
p roper t y  r e l a t i o n s h i p s  c o r r e l a t i n g  inherent  v i s c o s i t y  t o  the  b a s i c i t y  o f  those 
diamine monomers which contained 3F and 6F connect ing l inkages were observed 
and expla ined i n  a p r i o r  r e p o r t  ( r e f .  3 ) .  The so lu t i ons  were c a s t  as amic-acid 
f i l m s  and then thermal ly  converted i n t o  po ly imide f i l m s  a t  300 t o  500 O C ,  

u s u a l l y  350 O C ,  i n  a n i t r o g e n  atmosphere. 
ver ized  i n t o  molding powders which, i n  tu rn ,  were processed i n t o  neat  r e s i n  
d i scs  a t  temperatures and pressures as h igh  as 468 "W34.5 MPa. Add i t i ona l  
r e s i n  d i scs  were processed w i t h  s i m i l a r  cond i t ions  f rom molding powders o f  some 
3F monomer combinations t h a t  were prepared us ing  o ther  techniques as descr ibed 
i n  re ference 3. These techniques included p r e c i p i t a t i o n  o f  t he  amic-acid mold- 
i n g  powders f rom DMAc amic-acid so lu t ions ,  thermal o r  chemical i m i d l z a t i o n  of 
t he  d r i e d  p r e c i p i t a t e d  amic-acid powders, and p repara t i on  f rom s to i ch iomet r i c  
amounts o f  diamine and d iac id -d ies te r  monomer mixtures.  The Tg 's  o f  these 
f i l m s  and r e s i n  d iscs  were then determined by thermomechanical ana lys i s  (TMA) 

The po ly imide  f i l m s  were then p u l -  



and were the subject of a prior report (ref. 3) which identified two new poly- 
imides of Tg 1371 OC (3F dianhydride/paraphenylene diamine (PPDA), Tg -370 O C ,  

and pyromellitic dianhydride (PMDA)/3F diamine, Tg -440 OC). 
thermo-oxidative stability of these 3F polyimide films and the comparlsgn 6F 
polyimide films were then determined by thermogravimetric analysis (TGA). The 
isothermal weight losses of the films and the resin discs at 316 OC, 371 OC, 
and also at 371 "C under 0.5 MPa (-5 atm) air pressure were then determined 
(using a weight loss/unit surface area basis). The results of these studies 
identified two new 3F containing polyimides (3F dlanhydrlde/PPDA and 6F dian- 
hydrlde/3F diamine) with low rates of weight loss/unit surface area compared 
to the known very oxidatively stable 6F dianhydride/PPDA and PMDA/6F diamine 
resins. The study also showed that the resin discs exhibited the same overall 
trends in weight loss/unit surface area as their respective films, however, the 
weight loss per unit surface area of the discs was about an order of magnitude 
greater. This was presumably due to some mechanical degradation induced during 
the grinding of the molding powders and/or a greater internal (thus, unmeas- 
ured) surface area I n  the resin discs compared to the films. 
results indicate that polyimides containing the 3F linkage exhibit thermal and 
thermo-oxidative stability comparable to polyimides containing the 6F linkage. 
These thermo-oxidative stability results, combined with the prior Tg results 
(ref. 3), show that further development of the 3F connecting linkage in aryl 
dianhydride and aryl diamine monomers to produce high Tg, thermo-oxidatively 
stable polyimides suitable for 371 OC resin and composite applications con- 
tinues to be warranted. 

The thermal and 
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